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PROBLEM TO BE SOLVED: To provide a 
ceramic lieater capable of lieating from room 
temperature to a higli temperature of 1000 
deg.C or higher, preventing stress 
concentration within the heater even when 
severe heat cycles are applied, and enhancing 
durability, and provide the manufacturing 
method thereof. SOLUTION: This silicon 
nitride ceramic heater is formed by burying a 
resistance heating element 2 and a lead wire 3 
within a rod insulating base 1 made of silicon 
nitride base ceramic and installing a 
connecting terminal part 4 electrically 
connected to the lead wire 3 in the outer 
peripheral part of the insulating base 1, and 
wherein the rod insulating base 1 is constituted 
with a core part 1a and a shell part 1b formed 
in the surrounding of the core part la, the 
resistance heating element 2 and the lead wire 
3 are formed with a conductor material having 
practically the same composition in a 
concentric circle region from the center of the 
rod insulating base 1 and in almost the 
symmetrical position, and the shell part 1 b is 
made seamless. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Lay a resistance heating element and a lead wire under the inside of a cylindrical insulating base 
which consists of nature ceramics of silicon nitride, and while, In a ceramic heater which forms a 
connecting terminal section electrically connected with said lead wire at a peripheral part of said insulating 
base, A ceramic heater made from silicon nitride characterized by a joint not existing in said shell part while 
said resistance heating element and said lead wire are formed in a concentric circle region from the center 
of said cylindrical insulating base with a conductive material of the same presentation that contains a 
metallic component and a mineral constituent substantially. 

[Claim 2]The ceramic heater made from silicon nitride according to claim 1, wherein line width and/or 
thickness in said resistance heating element and said lead wire differ from each other. 
[Claim 3]The ceramic heater made from silicon nitride according to claim 1 which two or more said 
resistance heating elements' or said lead wires' having regular intervals in a cross section of said heater, 
and forming in a concentric circle region. 

[Claim 4]A manufacturing method of a ceramic heater made from silicon nitride characterized by comprising 
the following. 

a process of producing a cylindrical core Plastic solid with a ceramics composition which uses silicon 
nitride as the main ingredients. 

b process which carries out covering formation of a resistance heating element pattern and the lead wire 
pattern with a conductive material of the same presentation substantially of containing a metallic 
component and a mineral constituent on the surface of said cylindrical Plastic solid. 

c process of drying and forming insulating shell in the surface of said resistance heating element pattern of 
said cylindrical core Plastic solid, and said lead wire pattern after immersing said cylindrical core Plastic 
solid into a slurry containing said ceramics composition. 

d process of calcinating a composite molding body obtained by said c process in a non-oxidizing 
atmosphere. 

[Claim 5]A manufacturing method of the ceramic heater made from silicon nitride according to claim 4 after 
said b process's forming a resistance heating element pattern and a lead wire pattern in a predetermined 
transfer sheet, wherein it consists of a process of transferring this pattern to said cylindrical core molded 
body surface. ' 
[Claim 6]A manufacturing method of the ceramic heater made from silicon nitride according to claim 4 
calcinating said calcination in a pressurized nitrogen gas atmosphere. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the ceramic heater made from silicon nitride excellent in 
the endurance which can be used for the large areas the object for electronic parts, the object for 
industrial machines, for cars, etc., and its manufacturing method. 
[0002] 

[Description of the Prior ArtjConventionally, with conductive paste, the ceramic sheet which carried out 
covering formation of a resistance heating element pattern and the lead wire pattern at the surface is 
twisted around the surface of the ceramic core which consists of rod-like structures, and, as for the 
ceramics heater, what was calcinated is known on it, for example. 

The heater for heating the sensor part in the oxygen sensor for detecting especially the oxygen density in 
exhaust gas is begun, and it is used in the broad field. 

[0003]ConventionaIIy, a ceramic heater the ceramics composition which uses alumina as the main 
ingredients on the surface of the cylindrical core Plastic solid produced by carrying out extrusion molding, 
for example. The ceramic sheet which printed the resistance heating element pattern and the lead wire 
pattern is twisted, it unifies, and after calcinating, what carried out plating treatment of the conductive 
material to the periphery, and formed the connection terminal part is known. 

[0004]In the heater which makes the conventional alumina ceramics an insulating base, the cooking 
temperature was about at most 200 **, and it was unsuitable for temperature of not less than 1 000 ** 
which is represented by an oxygen sensor, glow plug, etc. as a heater which can carry out rapid 
temperature-up heating. So, these days, in order to raise the rapid temperature-up performance, using the 
nature ceramics of silicon nitride excellent in heat resistance, thermal shock resistance, etc. as an 
insulating base material is proposed. 

[0005]As such a ceramic heater made from silicon nitride, The method of laying the metal wire 1 1 of 
tungsten under the inside of cylindrical nature Plastic solid 10 of silicon nitride, and carrying out hotpress 
calcination, as shown in drawing 3 , The plate-like heater etc. which piled up the insulation sheet on the 
uncalcinated ceramic compact substrate face after printing the conductive paste which prepared metal 
powder and insulating powder, such as W, to a predetermined resistance heating element pattern and lead 
wire pattern, and carried out hotpress calcination are known. 

[0006]According to the ceramic heater, only a heater tip is made to generate heat and to prevent the rise 
in heat as the whole heater is desired. Therefore, the thing for which the rate of resistance ratio of the 
resistance heating element and lead wire in a ceramic heater is raised and which in other words make 
resistance of a lead wire extremely small is needed. 

[0007]Forming to such a demand, respectively with the conductive material in which a resistance heating 
element and a lead wire differ from resistance etc. is proposed in JP,3-149791,A etc. 

[0008] 

[Problem(s) to be Solved by the Invention]However, in the method of laying a metal wire underground and 
carrying out hotpress calcination as a cylindrical ceramic heater, in the conventional ceramic heater. There 
is a problem that grinding and polish are required and serve as a high cost eventually [ since only 
production of a single configuration can be performed and the sintered compact surface is ruined ], In the 
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method of twisting around a core molded body surface the sheet-shaped Plastic solid which carried out 
print coating of the conductive paste, and calcinating it. a sheet-shaped Plastic solid — twisting — since a 
joint will be formed inevitably, to a not less than 1000 ** pyrosphere, it was [ which repeats rapid 
temperature up ] alike, and followed, and the starting point of the joint was carried out and there was a 
problem of degrading endurance — a crack occurs. 

[0009]Although the plate-like ceramic heater could be easily produced as compared with the cylindrical 
ceramic heater, since it had anisotropy in the mechanical property, with final flat plate shape, there was a 
problem that the reliability at the time of using it under a severe condition was inferior. 
[0010]When the method of forming a resistance heating element and a lead wire with a conductive material 
of a different kind raises the rate of resistance ratio, it is effective, but Since it became easy to generate 
stress inside a heater when simultaneous calcination is carried out with an insulating base, since the 
physical properties of a conductive material differ, when used by a severe condition, there was a problem of 
an open circuit or an insulating base breaking. 

[001 1]This invention can be heated from a room temperature to a not less than 1000 ** elevated 
temperature, and an object of this invention is to provide the ceramic heater made from silicon nitride 
which prevented the stress concentration inside a heater and was excellent in durable performance when a 
severe thermal excursion was added, and its manufacturing method. 
[0012] 

[Means for Solving the ProblemjAs a result of this invention person's repeating examination variously to the 
above-mentioned technical problem, while constituting by a rod-like structure as heater structure, While 
forming a resistance heating element and a lead wire in a concentric circle region from the center of a 
cylindrical insulating base with the same conductive material substantially, it found out that the above- 
mentioned purpose could attain the resistance heating element and lead wire by losing a joint in a wrap 
shell part. 

[0013]Namely, a ceramic heater made from silicon nitride of this invention. Lay a resistance heating 
element and a lead wire under the inside of a cylindrical insulating base which consists of nature ceramics 
of silicon nitride, and while, In a ceramic heater which forms a connecting terminal section electrically 
connected with said lead wire at a peripheral part of said insulating base, While said resistance heating 
element and said lead wire are formed in a concentric circle region from the center of said cylindrical 
insulating base with a conductive material of the same presentation that contains a metallic component and 
a mineral constituent substantially, a joint does not exist in said shell part. 

[0014]In this composition, it is desirable for two or more said resistance heating elements or said lead wires 
to have regular intervals in that line width and/or thickness in said resistance heating element and said lead 
wire differ from each other and a cross section of a heater, and to come to be formed in a concentric circle 
region. 

[0015]As a manufacturing method of a ceramic heater made from silicon nitride, a process of producing a 
cylindrical core Plastic solid with a ceramics composition which uses silicon nitride as the main ingredients, 
b process which carries out covering formation of a resistance heating element pattern and the lead wire 
pattern with a conductive material of the same presentation substantially of containing a metallic 
component and a mineral constituent on the surface of said cylindrical Plastic solid. Said cylindrical core 
Plastic solid is dried after being immersed into a slurry containing said ceramics composition, c process of 
forming insulating shell in the surface of said resistance heating element pattern of said cylindrical core 
Plastic solid and said lead wire pattern, and d process of calcinating a composite molding body obtained by 
said c process in a non-oxidizing atmosphere are provided. 

[0016]According to this manufacturing method, it is desirable to calcinate that said b process consists of a 
process of transferring this pattern to said cylindrical core molded body surface after forming a resistance 
heating element pattern and a lead wire pattern in a predetermined transfer sheet, and said calcination in a 

pressurized nitrogen gas atmosphere. 
[0017] 

[FunctionjThe core part which consists of nature ceramics of silicon nitride according to the ceramic 
heater made from silicon nitride of this invention. Inside the cylindrical insulating base which comprises a 
shell part formed in the circumference. By forming a resistance heating element and a lead wire in a 
concentric circle region from the center of said cylindrical insulating base with the conductive material of 



the same presentation substantially, and making said shell part into structure without a joint, Each members 
forming which constitutes a heater when repetition rapid temperature-up heating is carried out, That is, 
generating of the stress by the property difference by the insulating base, the resistance heating element, 
and a lead wire, etc. can be reduced, generating of the crack to an insulating base, an open circuit of a 
resistance heating element and a lead wire, etc. can be prevented, and the endurance of a ceramic heater 
can be improved. 

[001 8] Especially said resistance heating element and said lead wire, [ in order / containing a metallic 
component and an insulating ingredient / to form with the conductive material of the same presentation 
substantially it is possible to adjust the rate of resistance ratio by changing line width and/or thickness, 
and / in the cross section of a heater ], By forming two or more said resistance heating elements or said 
lead wires in a concentric circle region with regular intervals, concentration of stress can be prevented 
further and endurance can be improved further. 

[0019]To the cylindrical core molded body surface which consists of a nature ceramics composition of 
silicon nitride as a manufacturing method. It dries after carrying out covering formation of a resistance 
heating element pattern and the lead wire pattern with the conductive material of the same presentation 
substantially and being immersed into the slurry containing said ceramics composition, By forming insulating 
shell in the surface of said resistance heating element pattern of said cylindrical core Plastic solid, and said 
lead wire pattern. When shell can be formed by uniform thickness [ be / no joint ] and the composite 
molding body is calcinated as a result, generating of the crack at the time of calcination, an open circuit, 
etc. can be controlled by a firing shrinkage action uniform as the whole heater. 

[0020]The pattern to the core Plastic solid which consists of curved surfaces can be formed with the 
easily and sufficient yield by forming formation of the resistance heating element pattern to the surface of 
a core Plastic solid, and a lead wire pattern by transfer from a predetermined transfer sheet especially. And 
by this method, since it becomes it twists and unnecessary [ sheet forming art is unnecessary, and / 

complicated processes, such as processing ], since it is not necessary to produce a sheet-shaped Plastic 
solid, simplification of a process and reduction of a manufacturing cost can be aimed at compared with the 
former. Said calcination is calcinated in the pressurized nitrogen gas atmosphere. 
[0021] 

[Embodiment of the Invention] Hereafter, this invention is explained in full detail. The outline perspective 
view of the ceramic heater of this invention was shown in drawing 1 (a), and the sectional view of the 
longitudinal direction was shown in drawing 1 (b). As shown in drawing 1 , the resistance heating element 2 
and the lead wire 3 of the couple are laid under the inside of the cylindrical insulating base 1 which the 
ceramic heater made from silicon nitride of this invention becomes from the nature ceramics of silicon 
nitride. 

The connecting terminal section 4 of the couple electrically connected with the lead wire 3 is formed in the 
peripheral part of the insulating base 1 . 

[0022]The cross-sectional view of (a) resistance heating element 2 formation part (Y^-Y^) of the ceramic 
heater of drawing 1 , the cross-sectional view of (b) lead wire 3 formation part {^2~^^, and the cross- 
sectional view of the (c) connecting terminal section (Yg-Yg) were shown in drawing 2 , respectively. 
[0023]The insulating base 1 in the ceramic heater of this invention is constituted by the ceramic core part 
la and its shell part 1b so that clearly from drawing 2 . 

The resistance heating element 2 and the lead wire 3 from consisting of structure laid under the 
circumference of the ceramic core part 1a by each as at least one pair of wiring. On each cross section of 
a ceramic heater, the resistance heating element 2 or the lead wire 3 is formed in the concentric circle 
region of r^, r^^, and from the center C of the rod-like structure, respectively. 
Thus, by forming the resistance heating element 2 and the lead wire 3 in a concentric circle region, 
generating of local stress can be prevented, generating of distortion can be controlled at the time of severe 
thermal excursion impression, and endurance can be improved. A concentric circle region means that the 
difference of the distance from the center in each cross section can approve to about **0.2 mm. 
[0024]Desirably, as shown in drawing 2 , these can control generating of distortion further by forming at 
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equal intervals in a concentric circle region, respectively by carrying out even-piece (drawing 2 4 formation 
of the resistance Ineating element 2 and the lead wire 3 on each cross section. 

[0025]As for the above-mentioned shell part 1b, it is desirable for the thickness to be 0.3-1.5 mm. When 
the heating rate of a heater surface will become slow if the above-mentioned thickness is thicker than 1.5 
mm, and this is thinner than 0.3 mm, it is for porcelain destruction to arise by a thermal shock. 
[0026]In the ceramic heater of the above-mentioned composition, although the resistance heating element 
2 and the lead wire 3 are formed by each with a conductive material, In order to raise the heating efficiency 
only by the resistance heating element 2, it is desired for the rate of resistance ratio of the resistance 
heating element 2 and the lead wire 3 (a resistance heating element/lead wire) to be large. 
[0027]The resistance heating element 2 and the lead wire 3 in this resistance adjustment for example. 
When it forms with a different conductive material into which the content ratio of a conductive component 
and an insulating ingredient was changed that is, the resistance heating element 2 with a high resistance 
conductor. Since other physical properties, like the thermal expansion characteristic of each conductive 
material itself differs from the particle diameter of a firing shrinkage action and an electric conduction 
ingredient differ when the lead wire 3 is formed with a low resistance conductor, When the time of 
simultaneous calcination with an insulating base or a thermal excursion is impressed, it becomes easy to 
produce distortion etc. as the whole heater, and endurance will fall. 

[0028]Since the resistance heating element 2 and the lead wire 3 are formed by each with the conductive 
material of the same presentation according to the ceramic heater of this invention, in order to raise the 
rate of resistance ratio with the resistance heating element 2 and the lead wire 3, the thickness and the 
line width of each conductor adjust. Since there is a possibility that stress concentration may occur with 
unusual heating in the level difference part, and an open circuit, destruction of an insulating base, etc. may 
arise when the thickness difference of the resistance heating element 2 and the lead wire 3 becomes large 
in that case, It is larger than the thickness of the resistance heating element 2 between the resistance 
heating element 2 and the lead wire 3, and it is desirable to allocate the wiring 5 for connection which has 
the thickness of a middle target smaller than the thickness of the lead wire 3. 
[0029]About the identity of said conductive material, it sets with the content ratio of the metallic 
component in a conductor, and the content can permit less than **5 volume %, and if the difference 
exceeds 5 volume %, endurance will fall [ the characteristic between conductors ] instead. 
[0030]In the ceramic heater of this invention, the lead wire 3 and the connecting terminal section 4 formed 
in the peripheral part of the insulating base 1 , As shown in drawing 1 (b) and drawing 2 (c), it is electrically 
connected by the through hole conductor 6 formed in the insulating base 1 , and the metal terminal 7 which 
consists of low-thermal-expansion metal, such as a covar alloy and an invar alloy, is connected to the 
connecting terminal section 4 by spot welding or the filter medium. 

[0031 ]As for said through hole conductor 6, as shown in the cross-sectional view of drawing 2 (b), it is 
desirable for near a terminal area with the connecting terminal section 4 of the through hole conductor 6 to 
have the taper part 8 to which a hole diameter becomes large at the connecting terminal section side. This 
is for easing the stress produced according to thermal expansion difference in the through hole conductor 
6, and raising endurance. 

[0032]As for this through hole conductor 6, as shown in the cross-sectional view of drawing 2 (b), it is 
desirable to form in the position which is contrasted to the center of the cylindrical insulating base 1 to the 
cylindrical insulating base 1. This is for controlling generating of distortion by formation of a through hole 
conductor while simplifying the bonding process of a terminal. 

[0033]In the ceramic heater constituted in this way, current is supplied to the resistance heating element 2 
from the power supply which is not illustrated via the two metal terminals 7, when current passes the 
resistance heating element 2, electrical energy is transformed into thermal energy, and the temperature of 
the tip part of a heater rises. 

[0034](Insulating base) The insulating base 1 in the ceramic heater made from silicon nitride of this 
invention comprises ceramics which use silicon nitride as the main ingredients, in order to have thermal 
shock resistance and high intensity and to improve endurance. 

[0035]These nature ceramics of silicon nitride make beta type silicon nitride a main crystal phase. 

It is constituted as a sintering aid ingredient by the grain boundary phase by the crystal phase or glass 

phase which contains a rare earth element, oxygen, and silicon at least. 
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It is desirable desirably for the crystal phase to exist in the grain boundary, and it is good to carry out the 
main phase especially of the die silicate (RE2Si20p crystal phase, and to deposit it. By depositing a DAISHI 
lied phase as a nnain phase as a grain boundary crystal phase, the corrosion according [ having high 
oxidation resistance, when an insulator contacts oxygen of the open air at the time of generation of heat, 
and ] to oxidation of a base material can be prevented, and the long-term stability of the base materia! can 
be improved. 

[0036]It is desirable for the mole ratio expressed with Si02/RE203 of the oxide conversion of all the rare 
earth elements in a sintered compact and the Si02 equivalent unit of impurity oxygen to the sintered 
compact grain boundary of an insulator in relation to depositing a die silicate phase to be two or more. 
[0037]This amount of impurity oxygen is the remaining amounts of impurity oxygen that deducted the 
oxygen combined with the rare earth element oxide added as a sintering aid etc., or other oxides (except 
for SiOg) at the rate of a stoichiometric ratio from the total amount of oxygen, It consists of impurity 
oxygen specifically contained in silicon nitride powder, or oxygen added as Si02 powder. The grain boundary 
of a sintered compact can raise endurance further by making it crystallize thoroughly. 
[0038]If the above-mentioned Si02/RE203 ratio is smaller than two, the crystal phase containing nitrogen 
of the YAM phase which contains many nitrogen components in a grain boundary phase, or apatite equality 
will mainly generate, and, thereby, oxidation resistance will deteriorate. However, as for the above- 
mentioned mole ratio, if a SiOg/REgOg ratio becomes high too much, in order to check eburnation, 
controlling or less to five is desirable. 

[0039]As a rare earth element contained in the nature ceramics of silicon nitride, Y, Er, Yb, Lu, Sm, etc. are 
desirable. Although there is no significant difference with a big room-temperature property between these 
elements, it depends for the elevated-temperature characteristic on the melting point of the grain boundary 
phase to generate. Therefore, Lu, Yb, and Er are preferred, judging from the melting point of the die silicate 
to generate being higher. As for this rare earth element, it is desirable in a sintered compact % and to 1- 
1 0-mol exist at 2-5-mol% of a rate especially at oxide conversion. 

[0040]In the above-mentioned nature ceramics of silicon nitride, it is desirable for aluminum and the 
amounts of Mg which are contained in a sintered compact to be 0.5 or less % of the weight and especially 
0.1 more % of the weight or less 1.0 or less % of the weight in the whole quantity by oxide conversion. It is 
because grain boundary crystallization is easy to be checked and desired oxidation resistance may not no 
longer be acquired, when these ingredients exist in much quantity rather than the above. As for the metal 
of others [ Fe content ], such as 10000 ppm or less, Cr, and nickel, as a positive ion impurity element of 
the above-mentioned metallic element, it is desirable respectively that it is 1000 ppm or less. 
[0041 ]in addition — the inside of the above-mentioned nature ceramics of silicon nitride — the [ periodic 
table ] — naturally it is also possible to carry out addition distribution of a proper quantity of particulate 
materials and whiskers, such as 4a, 5a, 6a group element metal, those carbide, a nitride, a silicide or SIC, to 
composite-ize, and to improve the characteristic. 

[0042](Conductive material) As for the resistance heating element 2, the lead wire 3, and the wiring 5 for 
connection, to be formed by the insulating base 1 and simultaneous calcination is desirable again. In using 
the nature ceramics of silicon nitride as the insulating base 1, It is desirable to make at least one sort in 
silicon nitride, boron nitride, and silicon carbide contain as quality of a dispersed matter to these main 
ingredients further by using as the main ingredients at least one sort chosen from the group of W, Ta, Mo 
and its carbide, and a nitride. 

[0043]This quality of a dispersed matter is an auxiliary agent for improving the auxiliary agent for adjusting 
resistance of the resistance heating element 2, the auxiliary agent for making a thermal expansion 
characteristic approximate with an insulating base, a simultaneous degree of sintering with the insulating 
base 1, and the adhesion to the insulating base 1, and a thing for controlling the grain growth of a 
resistance heating element further. 

It is desirable for silicon nitride to distribute boron nitride by one to 10 weight section, to distribute it by 
five to 30 weight section, and to distribute silicon carbide at a rate of two to 15 weight section to the 
main-ingredients 1 00 above-mentioned weight section, respectively. 
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[0044]Although silicide phases, such as the silicide phase of the main metal in a conductor, for example, 
WSi2, TaSi, and MoSij, may exist in a contact interface with the insulating base 1 of the resistance heating 
element 2, the lead wire 3, and the wiring 5 for connection which consist of the above-mentioned 
conductor. In that case, as for especially the thickness of a silicide phase, it is desirable that it is 5 
micrometers or less 10 micrometers or less. 

[0045](Manufacturing method) An example for manufacturing the ceramic heater made from silicon nitride 
of this invention is explained concretely. 

(a) Positive ion impurity quantity uses alpha type of 10000 ppm or less, or beta type silicon nitride powder 
as a main raw material which forms a cylindrical insulating base first. And a rare earth element oxide is 
added as a sintering aid to this silicon nitride powder at 1-10-mol %, especially 2-5-mor/o of a rate. As an 
addition ingredient, otherwise Si02 can be added and the amount of oxygen can also be adjusted. When 
aluminumgOg, MgO, etc. raise the intensity at the time of an elevated temperature, it is desirable to control 
1 .0 or less % of the weight in total to 0.5 or less % of the weight and especially 0.1 more% of the weight or 
less. 

[0046]as mentioned above, when a sintered compact grain boundary deposits a die silicate crystal phase — 
the [ Si02 equivalent unit / of impurity oxygen in the Plastic solid after shaping /, and periodic table ] — 
the Si02/RE203 mole fraction with the amount of oxide conversion of 3a group element is adjusted so that 
it may become two or more. 

[0047]And preferential grinding of these is carried out with a ball mill etc. Thus, a cylindrical Plastic solid is 
produced with a publicly known forming process, for example, an extrusion method, the obtained powder 
mixture is cut to required length after drying this, and a core Plastic solid is produced. This core Plastic 
solid is producible also by injection molding process and a casting method in addition to an extrusion 
method. 

[0048]In this way, as for the produced core Plastic solid, it is desirable to give degreasing and a calcination 
process before the conductive pattern formation mentioned later. This is to become easy to produce the 
stacking fault accompanying degasifying in a pattern part at the time of the de binder of a core part. 
[0049]What is necessary is just to carry out a degreasing process at 300-1000 ** in a non-oxidizing 
atmosphere, and, as for temporary quenching treatment, it is desirable to heat-treat at 1 200-1 500 **, and 
to elaborate to relative density 1 .4 - a 1 .6 g/cn? grade in a non-oxidizing atmosphere. 
[0050](b) Next, on the surface of the acquired cylindrical Plastic solid, to conductor components whose 
mean particle diameter is 0.1-10 micrometers and which were mentioned above, such as tungsten and 
molybdenum, add insulating ingredients, such as silicon nitride, carry out resistance adjustment, and prepare 
conductive paste. And covering formation of the pattern of a resistance heating element and a lead wire is 
carried out using this conductive paste. 

[0051]It is desirable to use a replica method for formation of this resistance heating element and a lead 
wire pattern. According to this replica method, a resin film is first prepared as a transfer sheet. As for this 
film, PET (polyethylene terephthalate), PP (polypropylene), PTFE (polytetrafluoroethylene), etc. are used 
suitably. Release agents, such as silicone resin, may be beforehand applied to the pattern formation face of 
this transfer film. 

[0052]Screen thick film screen printing of the conductive paste in which resistance adjustment was carried 
out by conductive materials, such as tungsten, insulating materials, such as silicon nitride, etc. is carried 
out to a resistance heating element pattern and a lead wire pattern by turning the mold release surface of 
this resin film up, and making a squeegee drive. When the thickness of a resistance heating element pattern 
and a lead wire pattern differs, it is desirable to carry out screen thick film screen printing to a transfer 
sheet in several steps. 

[0053]Next, since a printing surface consists of rugged surfaces in the above-mentioned printing surface 
according to the thickness of a resistance heating element pattern and a lead wire pattern, and those 
thickness differences, in order to equalize this rugged surface. It is desirable to carry out screen thick film 
screen printing of the paste which consists of a silicon nitride ceramics composition by the same method 
as the above between a resistance heating element or a lead wire pattern, and to make it the overall 
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thickness difference of a lead wire pattern part and a resistance heating element pattern part set to 20 
micrometers or less. 

[0054]It is desirable to carry out thick film screen printing of the overcoat layer of the 5-30-micrometer 
quality of silicon nitride which becomes the surface of the resistance heating element pattern and a lead 
wire pattern from the same silicon nitride ceramics composition as a core Plastic solid. 
[0055]And a transfer sheet, each conductive pattern, and an overcoat layer are fully stuck by pressure with 
a 1 axis pressing machine etc. after desiccation. This equalizes the thickness of the transfer layer which 
consists of each conductive pattern and an overcoat layer, and there Is a merit of making easy further 
thickness control at the time of printing the resistance heating element 4. That is, as a result of being able 
to eliminate the pore in the resistance heating element 4 and being able to carry out generation of the neck 
at the time of calcination to regularity, the resistance of the resistance heating element 4 can be stabilized. 
Forming an overcoat layer can control generating of the stacking fault after sintering while being able to 
improve the adhesion of a core Plastic solid, and a resistance heating element pattern and a lead wire. 
[0056]As for the printing surface of a transfer sheet, protecting with a mold release protective sheet etc. is 
desirable until a transfer process Is carried out. Mass production nature can also be Improved to a transfer 
sheet by forming two or more sets of resistance heating element patterns, and a lead wire pattern. 
[0057]And the resistance heating element pattern and lead wire pattern which were formed in the transfer 
sheet surface as mentioned above are transferred on the surface of the core Plastic solid produced by the 
(a) process with the overcoat layer. 

[0058]In a transfer process, first, from the transfer sheet which printed the resistance heating element 
pattern and the lead wire pattern, cut out 1 set of patterns suitably and they are produced, After screen- 
stenciling an adhesion layer on the surface. It can transfer by sticking a resistance heating element pattern 
and a lead wire pattern to the surface of a core Plastic solid on the surface of a core Plastic solid via an 
adhesion layer with an overcoat layer, and removing only a transfer sheet. 

[00591(c) After that, form the insulating layer used as shell in the surface of a resistance heating element 
and the core Plastic solid in which the pattern of the lead wire was transferred, and produce a heater 
Plastic solid. In formation of this insulating layer, prepare the slurry which includes a core Plastic solid for 
the ceramics composition of said quality of silicon nitride, and it dries after being Immersed into this slurry, 
Insulating shell can be formed In the surface of said resistance heating element pattern of said cylindrical 
core Plastic solid, and said lead wire pattern. The thickness of an enveloping layer can be easily prepared 
with the viscosity of a slurry, the raising speed after Immersion, etc. 

[00601(d) And calcinate the heater Plastic solid produced as mentioned above In 1700-1900 ** nitrogen 
content atmosphere. Since silicon nitride may decompose depending on calcination temperature at this 
time, it is desirable to calcinate in the application-of-pressure nitrogen atmosphere of 1.5 atmospheres or 
more of nitrogen pressure, calcinating by nitrogen gas appllcatlon-of-pressure calcination, especially, in the 
nitrogen pressure power of 1800-1900 ** and 30 atmospheres or more, after calcinating In the nitrogen 
pressure power of 1700-1800 ** and 1.5-30 atmospheres — eburnatlon — slllcificatlon of conductors, 
such as a resistance heating element, — formation of a phase can be controlled. 

[0061 iThe sintered compact which was more excellent In endurance Is producible by performing hydrostatic 
pressure calcination between heat at 1600-1900 ** in an Inert atmosphere of 1000 atmospheres or more 
after the above-mentioned burning method. 

[00621(e) in addition, the through hole conductor for connecting with a connection terminal part and a lead 
wire. After calcination, a through hole is formed In the prescribed spot of a cylindrical sintered compact 
with laser or a micro drill, After being filled up with the conductive paste which uses at least one sort In Au, 
Pd, and Pt as the main ingredients in the through hole, further, print coating of the conductive paste of the 
above-mentioned presentation on the surface of a cylindrical sintered compact is carried out to the pattern 
of a connection terminal part, and it can form by printing and processing at 1 1 00-1 200 **. 
[0063]After being filled up with the paste which formed the resistance heating element etc. after forming a 
through hole similarly to the heater Plastic solid after the (c) process as other methods and printing the 
pattern of a connection terminal part, it may calcinate by the firing condition mentioned above. 
[0064lAlthough it is desirable to form the tapered shape that the hole diameter by the side of a connecting 
terminal section becomes large, at the time of through hole conductor formation, this tapered shape 
Irradiates with a laser beam from the connection terminal part side, and can form It by carrying out hole 
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formation. 

[00651(f) After that, after making the pad made from a covar alloy weld by resistance to nickel lead 
beforehand to the above-mentioned connecting terminal section, a ceramic heater is completed by low 
attachment junction or by carrying out ultrasonic welding in this pad section at a connection terminal part. 
[0066]Hereafter, the characteristic operation effects about the manufacturing method of the ceramic 
heater of this embodiment are enumerated. (1) From a nature web material of ceramics like before not 
being used, an expensive doctor blade device also becomes unnecessary and can reduce facility cost. The 
cost reduction of production of a technical difficult thick film sheet becomes Heedlessness and two or more 
sheet lamination are unnecessary, and possible. 

[0067](2) Once carrying out print coating of the conductive paste to a transfer sheet flat surface, in order 
to make it transfer, the inconvenience at the time of printing to the curved surface of a cylindrical core 
Plastic solid like before is canceled. That is, since a resistance heating element can be formed with 
sufficient accuracy, it becomes controllable [ resistance ] (stabilization), and the resistance yield can be 
improved and a cost cut becomes possible. 

[0068](3) Without using the conventional hotpress calcination, since it can form by nitrogen application-of- 
pressure calcination, grinding process processes can be reduced, and extensive calcination is attained, and 
large cost reduction can be planned. 

[0069](4) By carrying out flattening with a 1 axis press, before transferring the pattern etc. which were 
formed in the transfer sheet, unevenness of a printing surface is lost, the stacking fault after transfer and 
insulating-layer covering is lost, and durable performance can be improved. 
[0070] 

[Example]Example 1 (a) Positive ion impurity quantity first to 84 % of the weight of silicon nitride powder 
which is 90% of a rate of alpha of 1 000 ppm or less. The sum total with the quantity which converted Yb202 
12% of the weight, and SiO-g-converted the amount of oxygen in silicon nitride powder for silicon oxide as 
a sintering aid carried out mixed stirring of the constituent which consists of 1 % of the weight of tungstic 
oxide with the barrel mill 3% of the weight for 72 hours. 

[0071]This mixture was taken out, after desiccation, glycerin and water were added as methyl cellulose, 
polyvinyl alcohol resin, and a solvent, after-stirring **** was produced as an organic component, and a 
cylindrical core Plastic solid 3.2 mm in diameter was produced in extrusion molding. 

[0072](b) Next, acetone was added for 90 % of the weight of tungsten, and 10 % of the weight of the above- 
mentioned silicon nitride constituents as an acrylic resin, a terpineol, a dispersing agent, and a solvent, in 
the tumbling mill, after mixed stirring, acetone was deaerated and conductive paste was prepared. 
[0073]By screen-stencil, the resistance heating element and the lead wire were formed with screen printing 
one by one on the PET film at predetermined thickness using this conductive paste, respectively. It was 
processed so that it might become the taper T as the terminal area of a resistance heating element and 
the wiring for connection and the terminal area of the wiring for connection and a lead wire show to drawing 
1_(b). Then, the slurry containing said silicon nitride constituent was applied to the surface of a resistance 
heating element and a lead wire, and the overcoat layer was formed in it. Embedding desiccation was 
carried out. 

[0074]To the nature ceramics composition of silicon nitride in the transfer face of the above-mentioned 
transfer sheet And an acrylic resin. Add acetone as a terpineol, a dispersing agent, and a solvent, and in a 
tumbling mill After mixed stirring, After screen-stenciling the adhesion layer which deaerated and adjusted 
acetone, it was made to stick to the surface of said core Plastic solid, only the PET film was torn off, and 
the core molded body surface was made to transfer a resistance heating element, a lead wire, and an 
overcoat layer. 

[0075]To a silicon nitride constituent, after that (c) Butyral resin, glycerin, Water was added as a defoaming 
agent and a solvent, in the tumbling mill, after mixed stirring, it deaerated, the slurry for fleshing was 
prepared, dipping, raising, and desiccation were repeated for the core Plastic solid transferred [ above- 
mentioned ] to this slurry, and the ********** heater Plastic solid was produced. 

[0076]And this heater Plastic solid was calcinated at 1850 ** under 70-atmosphere nitrogen gas pressure 
power atmosphere for 1 1 hours, after making a part for organicity decompose at 900 **. 
[0077]Then, after forming in the end of a cylindrical sintered compact the through hole whose hole 
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diameter which reaches a lead wire by a laser beam from the side is 0.4 mm, It was filled up with the 
metallizing paste which uses gold as the main ingredients, and after carrying out print coating of the above- 
mentioned golden paste, vacuum firing of the pattern which serves as a connection terminal part further in 
the through hole conductor formation point of the side of a cylindrical sintered compact was carried out at 
1100 **. It heat-treated and joined to the pad made from covar which welded by resistance the lead which 
furthermore consists of nickel 0.2 mm in diameter, and 1 000 **, and the ceramic heater was produced. 
[0078]The produced ceramic heater consists of a rod-like structure whose diameters are 3.2 mm and 55 
mm in length. The average thickness of 2.4 mm and a shell part of the core diameter of the insulating 
substrate was 0.4 mm. The thickness of the resistance heating element set thickness of 20 micrometers 
and a lead wire to 250 micrometers, and made the 80-micrometer-thick wiring for connection intervene 
between a resistance heating element and a lead wire. 

[0079]Each allocated a resistance heating element and four lead wires on the cross section, and they were 
formed so that it might become the position of symmetry mutually. Each of resistance heating elements 
and lead wires was formed in the 1.6mm**0.2mm concentric circle region from the center of the heater as 
a result of observation of a cross section. 

[0080]After impressing current and making it generate heat for 2 minutes at 1300 ** to the produced 
ceramic heater, current was stopped for 1 minute, a maximum of 30000 cycles carried out by having made 
this into one cycle, and resistance between an anode lead and a negative pole lead was measured every 
1000 cycle. And the resistance measured the number of cycles until initial resistance increases not less 
than 5%. As a result, there is no resistance change after 30000 cycles, and, moreover, a crack, an open 
circuit, etc. were not seen at all in the heater. 

[0081 ]A green sheet with a thickness of 300 micrometers produced with the doctor blade method using the 
nature ceramics composition of silicon nitride produced in comparative example 1 Example 1 is produced, 
Print coating of a resistance heating element pattern and the lead wire pattern was carried out to the 
surface of this sheet like Example 1, and the still more nearly same adhesion layer as Example 1 on that 
surface was formed. 

[0082]And this green sheet was twisted around the surface of the core Plastic solid produced in Example 1, 
and the ceramic heater was produced like Example 1 except carrying out the grinding process of the 
outside to a column body. 

[0083]As a result of measuring the number of cycles until a resistance change arises like Example 1 to the 
produced ceramic heater, the resistance change was accepted in 10000 cycles and the crack and the open 
circuit had arisen from near the joint of a heater in the circumferencial direction. 

[0084]In comparative example 2 Example 1, as a paste for a resistance heating element and for lead wires, 
The paste which changed the content of tungsten which is a conductor component and prepared 
resistance is produced, Except using the paste of high resistance as an object for resistance heating 
elements, using the paste of low resistance as the object for lead wires, and wiring for connection, and 
carrying out print coating, the ceramic heater was produced completely like the above and same evaluation 
was performed. As a result of measuring the number of cycles until a resistance change arises like Example 
1 to the produced ceramic heater, the resistance change was accepted in 1 2000 cycles and the crack had 
arisen in the boundary part of a resistance heating element and a lead wire. 

[0085]After laying underground so that it may become the section that the cross section of a resistance 
heating element formation part shows drawing 3 t he metal wire which consists of tungsten, using the nature 
ceramics composition of silicon nitride used in comparative example 3 Example 1 , it calcinated at 1 650 ** 
by hotpress calcination for 1 hour. 

[0086]As a result of measuring the number of cycles until a resistance change arises like Example 1 to the 
produced ceramic heater, the resistance change was accepted in 10000 cycles and the crack and the open 
circuit had arisen in the pattern width direction of a heater. 

[0087] 

[Effect of the Invention]According to this invention, as explained in full detail above, when it can heat from 
a room temperature to a not less than 1000 ** elevated temperature and a severe thermal excursion is 
added, the stress concentration inside a heater can be prevented and endurance can be improved. 
According to the manufacturing method of this invention, since a nature web material of ceramics like 
before is produced or it becomes twist and unnecessary [ complicated processes, such as processing, ], 
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simplification of a process and reduction of a manufacturing cost can be aimed at compared with the 
former. 
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* NOTICES * 
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f*i«?m©^S^i«fe5±T% -^ff-ei. 0i»%Et 
T, #i-0. 5MS%«T, $6(-{*0. iM1:%EJ;t 

[0 04 6] f£i3^ MM L/-C J; 5 {cftSf*|]i#^y^ ^> 

*EftK«<7)s i 02 m»mm3 aj^7c«« 

K-fttimffitros i O2 /RE2 O3 ^;Ht^?r2}^ 
[0 0 4 7] ^LT. me>?rJK-/VS^v^lcj;i9?l^ 
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inf^mm. m^Lf^mmK i o r % im-r 5 r t j^^t? t 

So 

[0 0 4 8] ^5 bT#MLfcr.T;ig?i?frf4. mi^-TS 
5o 

[004 9] liuixefi, ^mimmm^'px 3 0 0 ~ 
1 0 0 ot:T**-r^x«J;< , 4fc{SfiS*!iat*. ^^ft 
tt#H^t-e 1 2 0 o~ 1 5 0 ox:xm^mvxmnm 

Sl. 4-^1. 6 g/cm^ @S*-ei5:^{l;LT*5<r 

[0 0 5 0] ( b ) ^(C, # b^X/c^KW^ff^fr 
(C, ip:^»^;iS 0 . 1 ~ 1 0 At nKDtuii L/c J; 5 ^ V 

^mf£}f<Dmm.f^^^w^tia\^xmmm\.. 
v^mm-f^o tvx. z.comw-<-^vi:mv^xm.>gi 

[0 0 5 1] c ommmw-ii i y - Ym%^< ^ - > 
i^-h) , pp (;«^y7°Df i/v) , PTFE (jKy^^ 

mm t mit^4 m^i t'<Dmm.unfj: t-;^ i o xm.^ 

[0 0 5 3] mc. ±timmKid\^x. 
mm^i:'^xmmtimam*^hti^?>fcmc^(Dma^ 

±mtm-^mi^x V -'^mmmiLx. y- psa 
^ - t immm#y< ^ - v^^cD^fl^j^^^^s 2 

0 M mJilT i: ^£ S i 5 i-i-S n i: ^5^* LV\ 
[0 0 5 4] ^(DffimigfSfr-'-^i?-VS3j;U!y 

SR-fe 7 $ y ^' 5> ?^cC 5 5 ~ 3 0 M mC0^^1;<5r 



[0 0 5 5] ^LT, 
V^9 7< y y h«5fe5„ 0*9. SftlSfl#:4^i»jKTtr 

Sfii««i#4«gfttt^ss^b-rs^t:4sx'ir 

3rfig?f^#:tffittlgfS#:^-?^-V^y-Kia«t 

pnwis^^wiso-r 5 r t ;a5T-t So 
[0 0 5 6] ^'^ij, m^-y- h(Dmm}x ^^xm> 
mm^iv?>'^x(Dm. mmi^miy-hmcx-ox^mi' 

[0 0 5 7] ^L-C, ±si<OXo\ZLXm^i^-hmm 

-y^^-y<-^-hmtthl,::. (a) xe(cJ;o-C# 

[0 0 5 8] te'?x?ST?ii, mAm»M-'<^- 

P^y-^ ^ - V, y - ^«/^° - >- ^ ^~hMt 

tuc^^m^itrLx^rmr^w-ommi^^^u ^'w^ 

[0 0 5 9] (c) ^rom, ffi^lSfifr. y-KlSHco 

/^ - ^ ^fc r );!cff^#:CO^B(C . V- :n /L- i: 

5/^'mife^-^tp;^7y-SrliiKL, rcD;^ 

yy-tf^t^a^s. ^'j^L-c. mmm^<D=iTmmi^(D 

mm^^mmW-y< ^-yioi: XJ^mm y - Kia«/^ - y 

ifK^-oxmM imm-r 5 r t ;as r- 1 s o 

[0 0 6 0] (d) ^Lr, Xfa(Oj;5f-bTf^iKLfc 
t-^?^?!^^:^! 7 0 0~1 9 0 0tcD^i^^^#H^ 

Mi±mm'^mn.'¥xmf^-r?>^ttm'ih\^\ m^. ^ 

m:ffy^MJ±'gtS^Xlt, 1700—1800 °C, 1. 5~ 
3 0%l±(Dmmf±tlf¥X^ftLtcm. 1 8 0 0~190 

Ot, 3 0«ffK±(D^i^|I;t(4'-eftim-t-Sri:{c:J; 
[0 0 6 1] ^f^t^ii. XwE©«;*-!*o«(j:, lOO 

o^jE£jLX®^S'i4#iat[f'-ei 6 0 o~i 9 0 otr- 
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[0 0 6 21 ( e ) f£i3. g^ififfii^gPfc itJ? P - KSE 
1 1 0 0~1 2 0 OtT'jit#it*!!.a-r5ri: 

[0 0 6 3] *fc, m<D:^mtvx\t. (c) xs^cD 
[0 0 6 4] t£is. ;^/v~:^.-;i^mi^mmc. mmx 

[0 0 6 5] ( f ) -trom. JitB«S-MS7-$I!l'» L 

[0 0 6 6] £).r. ^mmmm(r)-^y^'y^i^-^<r)m 
;^ b ^ 'iJSI- s r 1 -e 1 5 . s fc. s««)Hil/^cJ¥^ 

[00 6 7] (2) te^S'-h5pB{c:^LT*#:-<-;^ 

[00 6 8] (3) $&5fecD4^s' h7°w;^g£^^Mv^5:: 

[0 0 6 9] (4) m'^^y- hlcmm^tltc^^^-^-fi 
[0 0 7 0] 

[^«M] mmmi 



(a) K^5f>^;F|iE%i^U 0 0 0 p pmEJ;T 

cDa^g o%®^'fl;^^i^i)7^8 4fi»%{c, mB^M 

tLTYb^ O3 2fi»%. mit^^m^mt-ir^ 

5 M^X 7 2 B^fRI3?g^«# Lfc„ 
[0 0 7 1] rw^g^fe^Si^ffib. 

[0 0 7 2] (b) ^>''!^^y-y9 0M&%t 

±mm^t^4 mm^m 1 0 mA%^ri^ y /p«tj3i, 7^/^ 

[0 0 7 3] ro«fl^-<-;^^^ffi^^-c;^^y-yWJ 
(cilp, PET7-f;vA_h{ce5T:^f!i#:. y-Kgansr 

itJ^^SMffiSBI^t y-Kga^i:«^!l§|5;45g|i (b) \c 

^<-r i 5 7j:-7-/<T tti6i:o icMnhtzo ^©fi, 

^^*1-S;^9y-^a*L-C:t-/^-=!- hiitrS^fig 
[0 0 7 4] ^L-C. ±E(^K;?v'- K^e^St-. ^ 

it^-^mw-^y ^y summer i^v/i^mm. f^v^^ 

[0 0 7 5] (c) m\:.>r-{Wmm\c-:f^ 

y-j'^mm. ^"yiry^. u^n. jaiw^i^^JtLr* 

»;^7y-^M«L> r©;^7y-}-mr3£Eote¥5^<^=' 

[0 0 7 6] ^LT, rcOfc— i?fi£jl^i$Sr9 0 0t{i-C 
Wai5J-^^<^$*/c^, 7 0^fficD^S;(f;:^J±^#H^ 
Tt-T 1 8 5 Otir-C 1 1 ^W^gfigLfco 

[0 0 7 7] ^^^^Igft^rofflSUl-fllM^O^?:.!/ 

-if-)t(c ioT y - KBa^{ciJig-r?,*-/i-S:4S 0 . 
4mm»;^/i^-j)^-/u^JfMLfcm, ^Sr^Jt^^fc-TS 

->'?r±SB^'<-;^ b^Wm^Lfcrn. 1 1 0 ott;: 

TK^^itLfco ^f^tE^O. 2inni«N i ^i^Pj^^iS 

3-Ym^mmm\^tz.^^<~^^w<y 1 0 0 
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[0 0 7 8] i^^m L/c-fe 7 5 s/ ^ t tt. mm^ 3 . 

fc\ mmMWL(0-=irmt2. 4mm. 'y:^;V%<D^mW- 
^^5 0. 4mm-efeofc<, ffi^^fift:©* ^ 2 

W-t^)- KIHUt OWicff $ 8 0m mOSMffiSaH^^ 

[0 0 7 9] 4fc. ffiS;iSfif*:*3J;u«y-Kiailt*. 

1. 6mm±0. 2mm(0|l-L>R««(C?FM$ttTV^ 

/to 

[0 0 8 0] {^S^Lfc-feys; i/^'t-^tc*fLr 1 so 

0tiC-C2^W«M^fPJPLT|g|Ki^*/c«, 
?SS?r±Je). rti?:lf--r^/'Vt L-C*1^3 0 0 0 0f--f 
^/vS-cm\ 1 0 0 Of-^^';vS(c^ffiU-Kt^« 

Sbfco ^cofem. 3 0 0 0 Of--r^'/^ft^C^oV^T%^ 
< SK^ft^S/j; < ^ t ^C^3V^T^ 9 y 

[0 0 8 1] )mm 1 

V ^ T K ^5' ^ - :/ 1^- i o T#«l L/cff* 3 0 0 M 

[0 0 8 2] ^ L-c. 1 -efi^KLfcarfiScff^ffw 

[0 0 8 3] {^SLfc-fey 5 -y^b-^'Sr^fLT. 

1 1 bssT-wf-^ ^ /vacate 

Lfc^g*. 1 0 0 0 0^^ ^ jvx-mnMitim^hih. 

[0 0 8 4] \m.m2 

^^x.xmi^m%\-'tc-<~:^v^'^m:U wmmw 



m-i. J:fai^<ll«tLr-fey?i'^'t-^^{tJK 

^/vs^Sd^Lfcg*. 1 2 0 0 

[0 08 5] It^M 3 

b7°U';^«6fig{Cj;oTl 6 5 OtT-l^Mji^S 

[0 0 8 6] il^SLfc-fey^s/^t-^tC^LT, ^fi 

f?j 1 1 nmKm.imiti}^^ d 5 * -e»f-^ ^/H5:^aij:£ 
Litis*. 1 0 0 0 0 f--r ;\^xmmi'cf)mt) hn. 

[0 0 8 7] 

1 0 0 o°cjjUico;^?as-r«i5itgr\ iiS/^ 
^5 1 jfe 5 I- jt'<-c xerofsf B&ft tmt^:^ 

[01] *5SB^W-fey$s/^t-^'ro (a) 

t. (b) -asai^^tifffigi-efeSo 

IS 2] *|§B^(7)^7 5s/^t-^'C0 (a) ffiSilSlRlfr 

2jFMgi5 -Y, ) ©^nfffiia. (b) y-Ksan 
3^35 (Y2 -Y2 ) (Dimmm. (c) sms^sij 
(Y3 -Y3 ) o«ifffigi5r^tb^^x^-r„ 

[US] ^ie*cD-fey? i/iJ'fc-^oSafi^lftBJ-rS/c* 

1 

3 y - KiBi^ 

4 wm^u 

5 S^MBBi^ 

6 y^/P-5f:-/V^^^ 
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